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SENSOR CHIP, SENSOR CARTRIDGE, AND
ANALYSIS APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

This is a continuation application of U.S. Ser. No. 12/947,
888 filed Nov. 17, 2010, which claims priority to Japanese
Patent Application Nos. 2009-281480 filed Dec. 11, 2009,
2009-263706 filed Nov. 19, 2009, 2010-192838 filed Aug. 30,
2010, and 2010-192839 filed Aug. 30, 2010 all of which are
incorporated herein by reference in their entireties.

BACKGROUND

1. Technical Field

The invention relates to a sensor chip, a sensor cartridge,
and an analysis apparatus.

2. Related Art

Recently, demand for sensors used in medical diagnoses,
the inspection of food, and the like has been increasing, and
thus development of sensor technology that implements a
sensor that is miniaturized and capable of sensing at high
speed has been demanded. In order to respond to such
demands, various types of sensors using electrochemical
techniques and the like have been reviewed. Among these,
from the viewpoint of easy integration, low cost, and low
sensitivity to the measurement environment, sensors using
surface plasmon resonance (SPR) have drawn attention.

Here, the surface plasmon is an oscillation mode of an
electron wave that is coupled with light depending on bound-
ary conditions specific to the surface. As a method of exciting
the surface plasmon, there is a method in which a diffraction
grating is imprinted on a metal surface and light and plasmon
are coupled together or a method in which an evanescent
wave is used. For example, as a configuration of a sensor that
uses SPR, a configuration in which a total reflection-type
prism and a metal film brought into contact with a target
substance that is formed on the surface of the prism are
included is known. According to such a configuration,
whether or not a target substance is adsorbed is detected,
including whether or not an antigen is adsorbed in an antigen-
antibody reaction and the like.

However, while propagation-type surface plasmon exists
on the metal surface, localized-type surface plasmon exists in
ametal fine particle. It is known that, when the localized-type
surface plasmon, that is, the surface plasmon that exists
locally on the microstructure of the surface is excited, a mark-
edly enhanced electric field is generated.

Thus, in order to improve the sensitivity of the sensor, a
sensor that uses a localized surface plasmon resonance
(LSPR) using metal fine particles or metal nanostructures is
proposed. For example, in JP-A-2000-356587, by irradiating
light onto a transparent substrate having a surface to which
metal fine particles are fixed in a film shape and measuring the
absorbance of light being transmitted through the metal fine
particles, a change in the medium near the metal fine particles
is detected, whereby adsorption or deposition of a target
substance is detected.

However, according to JP-A-2000-356587, it is difficult to
produce metal fine particles that have a uniform size (dimen-
sion or shape) and to regularly arrange the metal fine particles.
When the size or the arrangement of the metal fine particles
cannot be controlled, there are variations in absorption due to
resonance or a resonant wavelength. Accordingly, the width
of the absorbance spectrum becomes broad, and the peak
intensity decreases. Accordingly, a change in the signal
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2

detecting the change in the medium near the metal fine par-
ticles is low, and there are limitations on improving the sen-
sitivity of the sensor. Therefore, the sensitivity of the sensor is
insufficient for use in specifying a substance from the absor-
bance spectrum or the like.

SUMMARY

An advantage of some aspects of the invention is that it
provides a sensor chip, a sensor cartridge, and an analysis
apparatus capable of specifying a target substance from a
Raman spectroscopic spectrum by improving the sensitivity
of'a sensor.

Aspects of the invention employ the following configura-
tions.

According to a first aspect of the invention, there is pro-
vided a sensor chip including: a substrate that has a planar
portion; and a diffraction grating on the planar portion and
having a metal surface, the diffraction having a target sub-
stance thereon and including: a plurality of first protrusions
periodically arranged in a period equal to or greater than 100
nm and equal to or less than 1000 nm in a first direction that
is parallel to the planar portion, a plurality of base portions
located between two adjacent first protrusions and configures
a base of the substrate, a plurality of second protrusions on
upper faces of the plurality of the first protrusions, and a
plurality of third protrusions on the plurality of base portions.

According to the first aspect of the invention, a proximal
electric field that is enhanced through surface plasmon reso-
nance by the first protrusions is excited toward the surface
having the same shape, and surface enhanced Raman scatter-
ing (SERS) having a high degree of enhancement can be
further exhibited by a metallic microstructure according to
the second protrusions and the third protrusions. More spe-
cifically, when light is incident to a surface on which a plu-
rality of the first protrusions, a plurality of the second protru-
sions, and a plurality of the third protrusions are formed, a
surface-specific oscillation mode (surface plasmon) is
formed by the plurality of the first protrusions. Then, free
electrons are in a state of resonant oscillation accompanying
the oscillation of light, and accordingly, the oscillation of an
electromagnetic wave is excited accompanying the oscilla-
tion of the free electrons. Since the oscillation of the free
electrons is influenced by the oscillation of this electromag-
netic wave, a system acquired by coupling the oscillations of
both parties, that is, a so-called surface plasmon polariton
(SPP) is formed. Accordingly, localized surface plasmon
resonance (LSPR) is excited near the plurality of the second
protrusions and the plurality of the third protrusions. In this
structure, since the distance between two of the second pro-
trusions adjacent to each other and the distance between two
of the third protrusions adjacent to each other are short, an
extremely strong enhanced electric field is generated near the
contact points thereof. Then, when one to several target sub-
stances are adsorbed on the contact points, the SERS occurs
from the contact points. Accordingly, a sharp SERS spectrum
that is specific to the target substance can be acquired. There-
fore, a sensor chip capable of specifying a target substance
from a SERS spectrum by improving the sensitivity of the
sensor can be provided. By appropriately changing the period
and the height of the first protrusion, the height of the second
protrusion, and the height of the third protrusion, the position
of the resonant peak can be adjusted to an arbitrary wave-
length. Accordingly, it is possible to appropriately select the
wavelength of light that is emitted when specifying a target
substance, whereby the width of the measurement range
increases.
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In the above-described sensor chip, it is preferable that the
plurality of the first protrusions is periodically arranged in a
second direction that intersects with the first direction and is
parallel to the planar portion. In such a case, sensing can be
performed under conditions of plasmon resonance that are
broader than that of a case where the first protrusions are
formed periodically only in the direction (the first direction)
parallel to the planar portion of the substrate. Accordingly, a
sensor chip capable of specifying a target substance from a
SERS spectrum by improving the sensitivity of the sensor can
be provided. Furthermore, in addition to the period of the first
protrusions in the first direction, the period in the second
direction can be appropriately changed. Accordingly, it is
possible to appropriately select the wavelength of light that is
emitted when specifying a target substance, whereby the
width of the measurement range increases.

In the above-described sensor chip, it is preferable that the
plurality of second protrusions and the plurality of third pro-
trusions are periodically arranged in a third direction that is
parallel to the planar portion. In such a case, the periods of the
second protrusions and the third protrusions can be appropri-
ately changed. Accordingly, it is possible to appropriately
select the wavelength of light that is emitted when specifying
a target substance, whereby the width of the measurement
range increases.

In the above-described sensor chip, it is preferable that the
plurality of second protrusions and the plurality of third pro-
trusions are periodically arranged in a fourth direction that
intersects with the third direction and is parallel to the planar
portion. In such a case, sensing can be performed under
conditions of plasmon resonance that are broader than that of
a case where the second protrusions and the third protrusions
are formed only in the direction (the third direction) parallel
to the planar portion of the substrate. Accordingly, a sensor
chip capable of specifying a target substance from a SERS
spectrum by improving the sensitivity of the sensor can be
provided. Furthermore, in addition to the periods of the sec-
ond protrusions and the third protrusions in the third direc-
tion, the period in the fourth direction can be appropriately
changed. Accordingly, it is possible to appropriately select
the wavelength of light that is emitted when specifying a
target substance, whereby the width of the measurement
range increases.

In the above-described sensor chip, it is preferable that the
plurality of second protrusions and the plurality of third pro-
trusions are formed from fine particles. In such a case, a
sensor chip capable of specifying a target substance from a
SERS spectrum by improving the sensitivity of the sensor can
be provided.

In the above-described sensor chip, it is preferable that the
metal that composes the surface of the diffraction grating is
gold or silver. In such a case, since gold or silver has charac-
teristics for exhibiting the SPP, the LSPR, and the SERS, the
SPP, the LSPR, and the SERS can be easily exhibited,
whereby a target substance can be detected with high sensi-
tivity.

According to a second aspect of the invention, there is
provided a sensor cartridge including: the above-described
sensor chip; a transport unit that transports the target sub-
stance to a surface of the sensor chip; a placement unit in
which the sensor chip is placed; a casing that houses the
sensor chip, the transport unit, and the placement unit; and an
irradiation window that is disposed at a position facing the
surface of the sensor chip on the casing.

According to the second aspect of the invention, since the
above-described sensor chip is included, a target molecule
can be detected by performing selective spectroscopy for the
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Raman scattering light. Therefore, a sensor cartridge capable
of specitying a target substance from the SERS spectrum by
improving the sensitivity of the sensor can be provided.

According to a third aspect of the invention, there is pro-
vided an analysis apparatus including: the above-described
sensor chip; a light source that emits light to the sensor chip;
and a photo detector that detects light scattered by the sensor
chip.

According to the third aspect of the invention, since the
above-described sensor chip is included, a target molecule
can be detected by performing selective spectroscopy for the
Raman scattering light. Therefore, an analysis apparatus
capable of specifying a target substance from a SERS spec-
trum by improving the sensitivity of the sensor can be pro-
vided.

According to a fourth aspect of the invention, there is
provided a sensor chip including: a substrate that has a planar
portion; and a diffraction grating having a composite pattern
in the planar portion and a metal surface, the diffraction
grating having a target substance thereon and superimposedly
including: a first protrusion pattern in which a plurality of first
protrusions is periodically arranged in a period equal to or
greater than 100 nm and equal to or less than 1000 nm, a
second protrusion pattern in which a plurality of second pro-
trusions is periodically arranged in the plurality of first pro-
trusions in a period shorter than that of the first protrusion
pattern and a third protrusion pattern in which a plurality of
third protrusions is arranged periodically in a period shorter
than that of the first protrusion pattern in a base portion of the
substrate located between two adjacent first protrusions.

According to the fourth aspect of the invention, a proximal
electric field that is enhanced through surface plasmon reso-
nance by the first protrusion is excited toward the surface
having the same shape, and surface enhanced Raman scatter-
ing (SERS) having a high degree of enhancement can be
further exhibited by a metallic microstructure due to the sec-
ond protrusion. More specifically, when light is incident to a
face on which the first protrusion pattern and the second
protrusion pattern are formed, a surface-specific oscillation
mode (surface plasmon) is formed by the first protrusion
pattern. Then, free electrons are in a state of resonant oscil-
lation accompanying the oscillation of light, and accordingly,
the oscillation of an electromagnetic wave is excited accom-
panying the oscillation of the free electrons. Since the oscil-
lation of the free electrons is influenced by the oscillation of
this electromagnetic wave, a system acquired by coupling the
oscillations of both the parties, that is, a so-called surface
plasmon polariton (SPP) is formed. Accordingly, localized
surface plasmon resonance (LSPR) is excited near the second
protrusion pattern. In this structure, since the distance
between two of the second protrusions adjacent to each other
is short, an extremely strong enhanced electric field is gener-
ated near the contact points thereof. Then, when one to several
target substances are adsorbed on the contact points, the
SERS occurs from the contact points. Accordingly, a sharp
SERS spectrum that is specific to the target substance can be
acquired. Therefore, a sensor chip capable of specifying a
target substance from a SERS spectrum by improving the
sensitivity of the sensor can be provided. By appropriately
changing the period and the height of the first protrusion, the
height of the second protrusion, and the height of the third
protrusion, the position of the resonant peak can be adjusted
to an arbitrary wavelength. Accordingly, it is possible to
appropriately select the wavelength of light that is emitted
when specifying a target substance, whereby the width of the
measurement range increases.
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In the above-described sensor chip, it is preferable that the
plurality of first protrusions is periodically arranged in a first
direction that is parallel to the planar portion and is periodi-
cally arranged in a second direction that intersects with the
first direction and is parallel to the planar portion. In such a
case, sensing can be performed under conditions of plasmon
resonance that are broader than that of a case where the first
protrusions are formed periodically only in the direction (the
first direction) parallel to the planar portion of the substrate.
Accordingly, a sensor chip capable of specifying a target
substance from a SERS spectrum by improving the sensitivity
of'the sensor can be provided. Furthermore, in addition to the
period of the first protrusions in the first direction, the period
in the second direction can be appropriately changed. Accord-
ingly, it is possible to appropriately select the wavelength of
light that is emitted when specifying a target substance,
whereby the width of the measurement range increases.

In the above-described sensor chip, it is preferable that the
plurality of second protrusions and the plurality of third pro-
trusions are periodically arranged in a third direction that is
parallel to the planar portion. In such a case, the periods of the
second protrusions and the third protrusions can be appropri-
ately changed. Accordingly, it is possible to appropriately
select the wavelength of light that is emitted when specifying
a target substance, whereby the width of the measurement
range increases.

In the above-described sensor chip, it is preferable that the
plurality of second protrusions and the plurality of third pro-
trusions are periodically arranged in a fourth direction that
intersects with the third direction and is parallel to the planar
portion. In such a case, sensing can be performed under
conditions of plasmon resonance that are broader than that of
a case where the second protrusions and the third protrusions
are formed only in the direction (the third direction) parallel
to the planar portion of the substrate. Accordingly, a sensor
chip capable of specifying a target substance from a SERS
spectrum by improving the sensitivity of the sensor can be
provided. Furthermore, in addition to the periods of the sec-
ond protrusions and the third protrusions in the third direc-
tion, the period in the fourth direction can be appropriately
changed. Accordingly, it is possible to appropriately select
the wavelength of light that is emitted when specifying a
target substance, whereby the width of the measurement
range increases.

In the above-described sensor chip, it is preferable that the
plurality of second protrusions and the plurality of third pro-
trusions are formed from fine particles. In such a case, a
sensor chip capable of specifying a target substance from a
SERS spectrum by improving the sensitivity of the sensor can
be provided.

In the above-described sensor chip, it is preferable that the
metal that composes the surface of the diffraction grating is
gold or silver. In such a case, since gold or silver has a
characteristic of exhibiting the SPP, the LSPR, and the SERS,
the SPP, the LSPR, and the SERS can be easily exhibited,
whereby a target substance can be detected with high sensi-
tivity.

According to a fifth aspect of the invention, there is pro-
vided a sensor cartridge including: the above-described sen-
sor chip; a transport unit that transports the target substance to
a surface of the sensor chip; a placement unit in which the
sensor chip is placed; a casing that houses the sensor chip, the
transport unit, and the placement unit; and an irradiation
window that is disposed at a position facing the surface of the
sensor chip on the casing.

According to the fifth aspect of the invention, since the
above-described sensor chip is included, a target molecule
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can be detected by performing selective spectroscopy for the
Raman scattering light. Therefore, a sensor cartridge capable
of specitying a target substance from the SERS spectrum by
improving the sensitivity of the sensor can be provided.

According to a sixth aspect of the invention, there is pro-
vided an analysis apparatus including: the above-described
sensor chip; a light source that emits light onto the sensor
chip; and a photo detector that detects light scattered by the
sensor chip.

According to the sixth aspect of the invention, since the
above-described sensor chip is included, a target molecule
can be detected by performing selective spectroscopy for the
Raman scattering light. Therefore, an analysis apparatus
capable of specifying a target substance from a SERS spec-
trum by improving the sensitivity of the sensor can be pro-
vided.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIGS. 1A and 1B are schematic diagrams representing a
schematic configuration of a sensor chip according to an
embodiment of the invention.

FIGS. 2A and 2B are diagrams representing a Raman scat-
tering spectroscopy.

FIGS. 3A and 3B are diagrams representing an electric
field enhancing mechanism using LSPR.

FIG. 4 is a diagram representing the SERS spectroscopy.

FIG. 5is a graph representing the intensity of reflected light
reflected from a single body of the first protrusion.

FIG. 6 is a graph representing the dispersion curve of SPP.

FIG. 71is a graph representing the intensity of reflected light
of'a sensor chip according to an embodiment of the invention.

FIG. 8 is a schematic diagram of a sensor chip in which a
plurality of the second protrusions is formed on the planar
portion of the substrate.

FIG. 9is a graph representing the intensity of reflected light
of'a sensor chip shown in FIG. 8.

FIGS. 10A to 10F are diagrams representing the manufac-
turing process of the sensor chip.

FIG. 11 is a schematic configuration diagram of a modified
example of a sensor chip having the first protrusions.

FIGS. 12A and 12B are schematic configuration diagrams
showing modified examples of a sensor chip having the sec-
ond protrusions.

FIGS. 13A and 13B are schematic configuration diagrams
showing modified examples of a sensor chip having the sec-
ond protrusions.

FIG. 14 is a schematic diagram representing an example of
an analysis apparatus.

FIG. 15 is a schematic diagram showing a schematic con-
figuration of a sensor chip according to an embodiment of the
invention.

FIG. 16 is a schematic diagram showing a schematic con-
figuration of a sensor chip according to an embodiment of the
invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, an embodiment of the invention will be
described with reference to the accompanying drawings.
Such an embodiment represents one aspect of the invention
and is not for the purpose of limiting the invention. Thus,
various changes can be arbitrarily made therein within the
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scope of the technical idea of the invention. In the drawings
described below, for easy understanding of each configura-
tion, the scales, the numbers, and the like of structures are
different from those of the actual structures.

FIGS. 1A and 1B are schematic diagrams representing a
schematic configuration of a sensor chip according to an
embodiment of the invention. FIG. 1A is a perspective view of
the sensor chip showing a schematic configuration thereof.
FIG. 1B is a cross-sectional view of the sensor chip showing
a schematic configuration thereof. In FIG. 1B, the reference
sign P1 is a period of the first protrusion (the first convex
shape), the reference sign P2 is a period of the second protru-
sion (the second convex shape) and the third protrusion (third
convex shape), the reference sign T1 is the height of the first
protrusion (the depth of the groove), the reference sign T2 is
the height of the second protrusion (the depth of the groove),
the reference sign T3 is the height of the third protrusion (the
depth of the groove), the reference sign W1 represents the
width of the first protrusion, and the reference sign W2 is the
distance between two of the first protrusions that are adjacent
to each other.

FIGS. 15 and 16 are schematic diagrams showing sche-
matic configurations of sensor chips according to an embodi-
ment of the invention, which correspond to FIG. 1B. In FIGS.
15 and 16, the reference sign P1 is a period of the first
protrusion (the first convex shape), the reference sign P2 is a
period of the second protrusion (the second convex shape)
and the third protrusion (the third convex shape), the refer-
ence sign T1 is the height of the first protrusion (the depth of
the groove), the reference sign T2 is the height of the second
protrusion (the depth of the groove), the reference sign T3 is
the height ofthe third protrusion (the depth of the groove), the
reference sign W1 represents the width of the first protrusion,
and the reference sign W2 is the distance between two of the
first protrusions that are adjacent to each other.

The sensor chip 1 is used for placing a target substance in
a diffraction grating 9 that is formed in a substrate 10 con-
taining metal and detecting the target substance by using
localized surface Plasmon resonance (LSPR) and surface
enhanced Raman scattering (SERS).

The diffraction grating 9 includes: a plurality of the first
protrusions 11 that is arranged in a period P1 equal to or
greater than 100 nm and equal to or less than 1000 nm in the
first direction that is parallel to a planar portion of the sub-
strate 10; a plurality of base portions 10a that is positioned
between two of the first protrusions 11 adjacent to each other
and configures the base of the substrate 10; a plurality of the
second protrusions 12 that is formed on an upper face 11a of
each of the plurality of the first protrusions 11; and a plurality
of the third protrusions 13 that is formed on each of the
plurality of the base portions 10a. The diffraction grating 9
has a surface formed from a metal and is formed on a planar
portion 10s of the substrate 10.

In other words, the diffraction grating 9 has a composite
pattern acquired by superimposing the first protrusion pattern
in which a plurality of the first protrusions (the first convex
shapes) 11 is arranged in a period P1 equal to or greater than
100 nm and equal to or less than 1000 nm in a direction
perpendicular to the planar portion of the substrate 10, the
second protrusion pattern in which a plurality of the second
protrusions (the second convex shapes) 12 is arranged peri-
odically in a period P2 shorter than that of the first protrusion
pattern in each of the plurality of the first protrusions 11, and
the third protrusion pattern in which a plurality of the third
protrusions is arranged in a period P2 shorter than that of the
first protrusion pattern in the base portion located between
two of the first protrusions 11 adjacent to each other, and has
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a surface formed from a metal. And the protrusions could also
have a rounded/convex shape rather than the rectangular
shape shown in the drawings.

The “diffraction grating” described here represents a struc-
ture in which a plurality of protrusion patterns (a plurality of
protrusions) is periodically arranged.

In addition, the “planar portion” described here represents
an upper face portion of the substrate. In other words, the
“planar portion” represents one surface portion of the sub-
strate on which a target substance is placed. The composite
pattern that is formed by superimposing the first protrusion
pattern, the second protrusion pattern, and the third protru-
sion pattern together is formed on at least the upper face
portion of the substrate. The shape of the other surface por-
tion, that is, a lower face portion of the substrate is not par-
ticularly limited. However, in consideration of the processing
process or the like performed for the planar portion (the upper
face portion) of the substrate, it is preferable that the lower
face portion of the substrate is parallel to the base portion of
the planar portion and is a flat face.

As an example of the configuration of the diffraction grat-
ing 9, as shown in FIG. 1B, there is a structure in which the
substrate 10, the first protrusion 11, and the second protrusion
12 are all formed from metal. In addition, as shown in F1G. 15,
there is a structure in which the substrate 10 and the first
protrusion 11 are formed by an insulating member formed
from glass, resin, or the like, all the exposed portions of the
insulating member are covered with a metal film, and the
second protrusion 12 formed from a metal is formed on the
metal film, and the third protrusion 13 formed from a metal is
formed. In addition, as shown in FIG. 16, there is a structure
in which all the substrate 10, the first protrusion 11, the
second protrusion 12, and the third protrusion 13 are formed
by an insulating member, and all the exposed portions of the
insulating member are covered with a metal film. In other
words, the diffraction grating 9 has a configuration in which
the base portion 10a of the substrate 10 and at least the
surfaces of the first protrusion 11, the second protrusion 12,
and the third protrusion 13 are formed from a metal.

The substrate 10, for example, has a structure in which a
metal film having a thickness of 150 nm or more is formed on
a glass substrate. This metal film becomes the first protrusion
11, the second protrusion 12, and the third protrusion 13
through a manufacturing process to be described later. In this
embodiment, as the substrate 10, a substrate in which a metal
film is formed on the glass substrate is used. However, the
substrate 10 is not limited thereto. For example, a substrate in
which a metal film is formed on a quartz substrate or sapphire
substrate may be used as the substrate 10. In addition, a flat
plate formed from metal may be used as the substrate.

The first protrusions 11 are formed on the planar portion
10s of the substrate 10 so as to have a predetermined height
T1. These first protrusions 11 are arranged in a period P1 that
is shorter than the wavelength of light in a direction (the first
direction) parallel to the planar portion 10s of the substrate
10. In the period P1, the width of a single body of the first
protrusion 11 in the first direction (the horizontal direction in
FIG. 1B) and the distance between two of the first protrusions
11 that are adjacent to each other are added together. In
addition, the first protrusion 11 is in a rectangular convex
shape in the cross-sectional view, and a plurality of the first
protrusions 11 is formed in a line and space (a stripe shape) in
the plan view.

It is preferable that, for example, the period P1 of the first
protrusions 11 is set in the range of 100 nm to 1000 nm, and
the height T1 of the first protrusions 11 is set in the range of
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10 nm to 100 nm. Accordingly, the first protrusions 11 can
serve as a structure for exhibiting the LSPR.

The width W1 of the first protrusion 11 in the first direction
is greater than the distance W2 between two of the first
protrusions 11 that are adjacent to each other (W1>W2).
Accordingly, the spatial filling rate of the first protrusions 11
in which the LSPR is excited increases.

Two or more second protrusions 12 are formed on the
upper face 11a of each of the plurality of the first protrusions
11 so as to have a predetermined height T2. In addition, two
or more third protrusions 13 are formed on each of the plu-
rality of the base portions 10a so as to have a predetermined
height T3.

The second protrusions 12 and the third protrusions 13 are
arranged in a period P2 that is shorter than the wavelength of
light in a direction (the third direction) parallel to the planar
portion 10s of the substrate 10. In the period P2, the width of
a single body ofthe second protrusion 12 in the third direction
(the horizontal direction in FIG. 1B) and the distance between
two of the second protrusions 12 that are adjacent to each
other are added together (the width of the single body of the
third protrusion 13 in the third direction and the distance
between two of the third protrusions 13 adjacent to each other
are added together). Accordingly, the period P2 of the second
protrusions 12 (the third protrusion 13) is sufficiently shorter
than that P1 of the first protrusions 11.

It is preferable that, for example, the period P2 of the
second protrusions 12 and the third protrusions 13 is set to a
value less than 500 nm, and the heights T2 and T3 of the
second and third protrusions 12 and 13 are set to a value less
than 200 nm. Accordingly, the second protrusions 12 and the
third protrusions 13 can serve as a structure for exhibiting the
SERS.

In this embodiment, the arrangement direction (the first
direction) of the first protrusions 11 and the arrangement
direction (the third direction) of the second protrusions 12
and the third protrusions 13 are the same. In addition, second
protrusion 12 and the third protrusion 13 are in a rectangular
convex shape in the cross-sectional view, and a plurality of the
second protrusions 12 and a plurality of the third protrusions
13 are formed in a line and space (a stripe shape) in the plan
view.

As metal of the surface of the diffraction grating 9, for
example, gold (Au), silver (Ag), copper (Cu), aluminum (Al),
or an alloy thereof is used. In this embodiment, Au or Ag that
has a characteristic of exhibiting the SPP, the LSPR, and the
SERS is used. Accordingly, the SPP, the LSPR, and the SERS
can be easily exhibited, and a target substance can be detected
with high sensitivity.

Here, the LSPR, and the SERS will be described. When
light is incident to the surface of the sensor chip 1, that is, the
face on which the plurality of the first protrusions 11, the
plurality of the second protrusions 12, and the plurality of the
third protrusions 13 are formed, a surface-specific oscillation
mode (surface plasmon) is formed by the plurality of the first
protrusions 11. However, the polarizing direction of the inci-
dent light is perpendicular to the groove direction of the first
protrusions 11. Then, the oscillation of an electromagnetic
wave is excited accompanied by the oscillation of free elec-
trons. Since the oscillation of the free electrons is influenced
by this oscillation of the electromagnetic wave, a system
acquired by coupling both the oscillations, that is, a so-called
surface plasmon polariton (SPP) is formed. In this embodi-
ment, the incident angle of light is approximately vertical
with respect to the surface of the sensor chip 1. However, the
incident angle is not limited to this angle (vertical), as long as
it satisfies a condition for exciting the SPP.
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This SPP propagates along the surface of the sensor chip 1,
and more specifically, along an interface between the air and
the second and third protrusions 12 and 13 and excites a
strong localized electric field near the second protrusion 12
and the third protrusion 13. The coupling of the SPP is sen-
sitive to the wavelength oflight, and the coupling efficiency is
high. As described above, localized surface plasmon reso-
nance (LSPR) can be excited from the incident light that is in
the air propagation mode through the SPP. Then, from the
relationship between the LSPR and Raman scattering light,
surface enhanced Raman scattering (SERS) can be used.

FIGS. 2A and 2B are diagrams representing a Raman scat-
tering spectroscopy. FIG. 2A represents the principle of the
Raman scattering spectroscopy. In addition, FIG. 2B repre-
sents a Raman spectrum (the relationship between a Raman
shift and the intensity of Raman scattering). In FIG. 2A, the
reference sign L represents incident light (light of a single
wavelength), the reference sign Ram represents Raman scat-
tering light, the reference sign Ray represents Rayleigh scat-
tering light, and the reference sign X represents a target mol-
ecule (target substance). In FIG. 2B, the horizontal axis
represents the Raman shift. Here, the Raman shift is the
difference between the frequency of the Raman scattering
light Ram and the frequency of the incident light . and has a
value that is specific to the structure of the target molecule X.

As shown in FIG. 2A, when light L of a single wavelength
is emitted to the target molecule X, light having a wavelength
different from that of the incident light is generated in the
scattering light (Raman scattering light Ram). The difference
between the energy levels of the Raman scattering light Ram
and the incident light [. corresponds to the energy of the
oscillation level, the rotation level, or the electron levels of the
target molecule X. The target molecule X has an oscillation
energy level that is specific to the structure thereof, and
accordingly, the target molecule X can be specified by using
the light I of a single wavelength.

For example, when the oscillation energy of the incident
light L is denoted by V1, the oscillation energy consumed by
the target molecule X is denoted by V2, and the oscillation
energy of the Raman scattering light Ram is denoted by V3,
V3=V1-V2. After colliding with the target molecule X, most
of'the incident light I has energy with the same magnitude as
that of energy before the collision. This elastic scattering light
is termed Rayleigh scattering light Ray. For example, when
the oscillation energy of the Rayleigh scattering light Ray is
denoted by V4, V4=V1.

From the Raman spectrum shown in FIG. 2B, it can be
known that the Raman scattering light Ram is weak by com-
paring the scattering intensity (spectrum peak) of the Raman
scattering light Ram and the scattering intensity of the Ray-
leigh scattering light Ray. As described above, the Raman
scattering spectroscopy is a measurement technique that has
a superior capability for identifying a target molecule X and a
low sensitivity for sensing a target molecule X. Accordingly,
in this embodiment, in order to increase the sensitivity, spec-
troscopy using the surface enhanced Raman scattering (SERS
spectroscopy) is used (see FIG. 4).

FIGS. 3A and 3B are diagrams representing an electric
field enhancing mechanism using the LSPR. FIG. 3A is a
schematic diagram representing a state when light is incident
to a metal nanoparticle. FIG. 3B is a diagram representing an
LSPR enhanced electric field. In FIG. 3A, the reference sign
100 represents a light source, the reference sign 101 repre-
sents a metal nanoparticle, and the reference sign 102 repre-
sents light emitted from the light source. In FIG. 3B, the
reference sign 103 represents a surface localized electric
field.



US 9,151,666 B2

11

As shown in FIG. 3A, when the light 102 is incident to the
metal nanoparticle 101, free electrons are in a state of reso-
nant oscillation accompanying the oscillation of the light 102.
The particle diameter of the metal nanoparticle is smaller than
the wavelength of the incident light. For example, the wave-
length of the light is in the range of 400 nm to 800 nm, and the
particle diameter of the metal nanoparticle is in the range of
10 nm to 100 nm. As the metal nanoparticle, Ag or Au is used.

Then, a strong surface localized electric field 103 is excited
near the metal nanoparticle 101 accompanying the resonant
oscillation of the free electrons (see FIG. 3B). As above, the
LSPR can be excited by allowing the light 102 to be incident
to the metal nanoparticle 101.

FIG. 4 is a diagram representing the SERS spectroscopy. In
FIG. 4, the reference sign 200 represents a substrate, the
reference sign 201 represents a metal nanostructure, the ref-
erence sign 202 represents a selective adsorption film, the
reference sign 203 represents an enhanced electric field, the
reference sign 204 represents a target molecule, the reference
sign 211 represents an incident laser beam, the reference sign
212 represents Raman scattering light, and the reference sign
213 represents Rayleigh scattering light. The selective
adsorption film 202 adsorbs the target molecule 204.

As shown in FIG. 4, when the laser beam 211 is incident to
the metal nanostructure 201, free electrons are in a state of
resonant oscillation accompanying the oscillation of the laser
beam 211. The size of the metal nanostructure 201 is smaller
than the wavelength of the incident laser beam. Then, accom-
panying the resonant oscillation of the free electrons, a strong
surface localized electric field is excited near the metal nano-
structure 201. Accordingly, the LSPR is excited. When the
distance between the metal nanostructures 201 that are adja-
cent to each other decreases, an extremely strong enhanced
electric field 203 is generated near the contact point. When
one to several target molecules 204 are adsorbed on the con-
tact points, the SERS occurs from the contact points. This
point is also checked by the result of an enhanced electric field
generated between two adjacent silver nanoparticles that is
calculated by using a finite difference time domain (FDTD)
method. Accordingly, by performing selective spectroscopy
for the Raman scattering light, the target molecule can be
detected with high sensitivity.

This embodiment, as described above, has a structure in
which the LSPR is excited by arranging the first protrusions
11 in the period P1 shorter than the wavelength of the light in
the direction parallel to the planar portion of the substrate 10.
In addition, this embodiment has a structure in which the
SERS is exhibited by forming two or more of the second
protrusions 12 on the upper tace 11a of the first protrusion 11
and forming two or more of the third protrusions 13 on the
base portion 10a. More specifically, when light of a single
wavelength is emitted to a target molecule, based on the
principle of generating the Raman scattering light, an
enhanced magnetic field is generated near the contact point
by disposing the target molecules between two of the second
protrusions 12 (the third protrusions 13) that are adjacent to
each other, whereby the SERS occurs. Accordingly, it is pos-
sible to use the SERS spectroscopy capable of detecting a
target substance with sensitivity that is higher than that of the
Raman scattering spectroscopy.

FIG. 51s a graphrepresenting the intensity of reflected light
reflected from a single body of the first protrusion. In FIG. 5,
the horizontal axis represents the wavelength of light, and the
vertical axis represents the intensity of the reflected light. The
height T1 of the first protrusion 11 is taken as a parameter
(T1=20 nm, 30 nm, and 40 nm). In addition, in the structure of
the sensor chip 1 according to this embodiment, a value
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calculated by subtracting the intensity of the reflected light
from the intensity of the incident light (assumed to be 1.0) is
absorbance.

The light is incident vertically to the first protrusion 11.
Regarding the polarization directions of the light, there are
polarized light having an electric field component parallel to
the groove (the extending direction of an area between the
first protrusions 11 adjacent to each other) and TM (Trans-
verse Magnetic) polarized light having an electric field com-
ponent perpendicular thereto. The period of the first protru-
sions 11 is 580 nm, and the resonant peak of the intensity of
the reflected light is near a wavelength 630 nm. This resonant
peak originates from the SPP, and as the height T1 of the first
protrusion 11 is increased, the resonant peak is shifted to the
long wavelength side (the long wavelength region). When the
height T1 of the first protrusion 11 is 30 nm, the intensity of
the reflected light is the highest, and accordingly, it can be
known that absorption is represented to be the strongest.

FIG. 6 is a graph representing the dispersion curve of the
SPP. In FIG. 6, the reference sign C1 represents a dispersion
curve (as an example, it represents a value at the interface of
the air and Au) of the SPP, and the reference sign C2 repre-
sents a light line. The period of the first protrusion 11 is 580
nm. The position of the lattice vector of the first protrusion 11
is shown on the horizontal axis (corresponding to 27t/P on the
horizontal axis shown in FIG. 6). When a line extends from
this position toward the upper side, the line intersects with the
dispersion curve of the SPP. The wavelength corresponding to
this intersection is acquired by using the following equation.

A=PIV[(E1E2)/(E1+E2)] o)

In Equation (1), P1 represents the period of the first pro-
trusions 11, E1 represents the complex permittivity of the air,
and E2 represents the complex permittivity of Au. By substi-
tuting P1, E1, and E2 with respective values in Equation (1),
A=620 nm is acquired (corresponding to w0 on the vertical
axis shown in FIG. 6).

As the height T1 of the first protrusion 11 is increased, the
imaginary part of the wave number of the SPP increases.
Accordingly, the real part of the wave number of the SPP
decreases, whereby the intersection of the line extended from
the position of the lattice vector and the dispersion curve of
the SPP moves from the upper right side to the lower left side.
In other words, the resonant peak is shifted to the long wave-
length side.

FIG. 71is a graph representing the intensity of reflected light
of a structure in which the first protrusion 11 and the second
protrusion 12 (the third protrusion 13) are superimposed with
each other, that is, the sensor chip 1 according to the embodi-
ment of the invention. In FIG. 7, the horizontal axis represents
the wavelength of light, and the vertical axis represents the
intensity of the reflected light. The height T2 of the second
protrusion 12 (the height T3 of the third protrusion 13) is
taken as a parameter (T2 (T3)=0 nm, 40 nm, and 80 nm). In
addition, the graph of the parameter T2=0 in this figure is the
same as the graph of the parameter T1=30 shown in FIG. 5.

Thelight is incident vertically to the first protrusion 11. The
height T1 of the first protrusion 11 is 30 nm. In addition, the
period P2 of the second protrusion 12 (the third protrusion 13)
is 97 nm. The resonant peak of the intensity of the reflected
light is near a wavelength 730 nm. Compared to the spectrum
represented in JP-A-2000-356587, the width of the resonant
peak is narrowed and sharpened. This resonant peak origi-
nates from the above-described SPP, and by superimposing
the second protrusion 12 (the third protrusion 13) on the first
protrusion 11, the position of the resonant peak is shifted to
the long wavelength side. At this time, the sharpness and the



US 9,151,666 B2

13

gradient of the resonant peak are maintained. In a case where
the height T2 (the height of the third protrusion 13) of the
second protrusion 12 is 40 nm, a strong localized electric field
can be excited near the surface of the second protrusion 12 by
emitting light having a wavelength of 730 nm. In addition, by
appropriately changing the periods P1 and P2 and the heights
T1 and T2 (T3) of the first protrusion 11 and the second
protrusion 12 (the third protrusion 13), the position of the
resonant peak can be adjusted to an arbitrary wavelength.

FIG. 8 is a diagram schematically showing the sensor chip
2 in a case where the first protrusion 11 is not formed in the
planar portion 10s of the substrate 10, and only the second
protrusions 12 (the third protrusions 13) are formed on the
planar portion 10s of the substrate 10, that is, a case where a
plurality of the second protrusions 12 (the third protrusions
13) is formed on the planar portion 10s of the substrate 10.

FIG.91is a graphrepresenting the intensity of reflected light
of a sensor chip 2 in a case where a plurality of the second
protrusions 12 (the third protrusions 13) is formed on the
planar portion 10s of the substrate 10. In FI1G. 9, the horizon-
tal axis represents the wavelength of light, and the vertical
axis represents the intensity of the reflected light. The height
T2 of the second protrusion 12 (the height T3 of the third
protrusion 13) is taken as a parameter (T2 (T3)=0 nm, 40 nm,
and 80 nm). The TM polarized light is incident vertically to
the second protrusion 12 (the third protrusion 13). By refer-
ring to figure, a deep resonant peak of the intensity of the
reflected light is not recognized. From this result, it can be
known that light energy can hardly be coupled with the sec-
ond protrusion 12 (the third protrusion 13) in a case where
there is no first protrusion 11, that is, not through the SPP.

FIGS. 10A to 10F are diagrams representing the manufac-
turing process of the sensor chip. First, an Au film 31 is
formed on a glass substrate 30 by using a method such as a
deposition method or a sputtering method. Next, the upper
face of the Au film 31 is coated with a resist 32 by using a
method such as a spin coat method (see FIG. 10A). At this
time, the Au film 31 is formed so as to have a film thickness Ta
thick enough to not transmit incident light (for example, 100
nm).

Next, a resist pattern 32a is formed in a period Paof 580 nm
by using a method such as an imprint method (see FIG. 10B).
Next, the Au film 31 is etched to a predetermined depth D1
(for example, 30 nm) by performing dry etching by using the
resist pattern 32a as a mask. Thereafter, by removing the
resist pattern 32q, the first protrusion 31q is formed (see FIG.
100).

Next, the upper face of the Au film 31 on which the first
protrusion 31a is formed is coated with a resist 33 by using a
method such as a spin coat method (see FIG. 10D). Next,
resist patterns 33a is formed in a period Pb of 97 nm by using
amethod such as an imprint method (see FIG. 10E). Next, the
Au film 31 on which the first protrusion 31a is formed by dry
etching is etched to a predetermined depth D2 (for example,
40 nm) by using the resist patterns 33a as a mask. Thereafter,
the second protrusion 315 and the third protrusion 31c¢ are
formed by removing the resist patterns 33a (see FIG. 10F). By
performing the above-described processes, a sensor chip 3
according to an embodiment of the invention can be manu-
factured.

In the sensor chip 1 according to the embodiment of the
invention, the LSPR is excited through the SPP by a metallic
microstructure due to the first protrusion 11, and the SERS
can be further exhibited by a metallic microstructure due to
the second protrusion 12 and the third protrusion 13. More
specifically, when light is incident to a face on which a plu-
rality of the first protrusions 11, a plurality of the second
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protrusions 12, and a plurality of the third protrusions 13 are
formed, a surface-specific oscillation mode (surface plas-
mon) is formed by the plurality of the first protrusions 11.
Then, free electrons are in a state of resonant oscillation due
to oscillation of the light so as to excite the SPP, whereby a
strong surface localized electric field is excited near the sec-
ond protrusion 12 and the third protrusion 13. Accordingly,
the LSPR is excited. In this structure, since the distance
between two of the second protrusions 12 (the third protru-
sions 13) adjacent to each other is short, an extremely strong
enhanced electric field is generated near contact points. Then,
when one to several target substances are adsorbed on the
contact points, the SERS occurs from the contact points.
Accordingly, intensity characteristics in which the spectrum
width of the intensity of the reflected light is small and the
resonant peak is sharp can be acquired, whereby the sensitiv-
ity of the sensor can be improved. Therefore, a sensor chip 1
capable of specitying a target substance from the SERS spec-
trum by improving the sensitivity of the sensor can be pro-
vided. By appropriately changing the period P1 and the height
T1 of the first protrusion 11, the height T2 of the second
protrusion 12, and the height T3 of the third protrusion 13, the
position of the resonant peak can be adjusted to an arbitrary
wavelength. Accordingly, it is possible to appropriately select
the wavelength of light that is emitted when specifying a
target substance, whereby the width of the measurement
range increases.

In addition, according to this configuration, since the sec-
ond protrusions 12 and the third protrusions 13 are disposed
periodically in the third direction parallel to the planar portion
of'the substrate 10, the period P2 of the second protrusions 12
and the third protrusions 13 can be appropriately changed.
Accordingly, it is possible to appropriately select the wave-
length of light that is emitted when specifying a target sub-
stance, whereby the width of the measurement range
increases.

Inaddition, according to this configuration, gold or silver is
used as the metal of the surface of the diffraction grating 9,
and accordingly, the SPP, the LSPR and the SERS can be
easily exhibited. Therefore, a target substance can be detected
with high sensitivity.

In addition, according to this configuration, the duty ratio
of the first protrusion 11 satisfies the relationship of
“W1>W2”, and accordingly, the spatial filling rate of the first
protrusion 11 in which the LSPR is excited increases. There-
fore, sensing can be performed under conditions of plasmon
resonance that are broader than that of a case where the
relationship of “W1<W2” is satisfied. In addition, the energy
of light emitted when specifying a target substance can be
effectively used.

In this embodiment, a structure in which the first protru-
sions 11 are arranged in the period P1 shorter than the wave-
length of light in the direction (the first direction) parallel to
the planar portion of the substrate 10 is represented. However,
the invention is not limited thereto. A sensor chip 4 that has a
structure of the first protrusion that is different from that of the
first protrusion 11 according to this embodiment will be
described with reference to FIG. 11.

FIG. 11 is a schematic perspective view showing the con-
figuration of a sensor chip 4 that has the first protrusions 41 in
a form different from that of the above-described first protru-
sions 11. In this figure, for convenience of description, the
second protrusion and the third protrusion are not shown.

As shown in FIG. 11, the first protrusion 41 is formed on
the planar portion 40s of a substrate 40. The first protrusions
41 are arranged in a period P3 shorter than the wavelength of
the light in a direction (the first direction) parallel to the planar
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portion ofthe substrate 40. In addition, the first protrusions 41
are arranged in a period P4 that is shorter than the wavelength
of the light in a second direction that is perpendicular to the
first direction and is parallel to the planar portion of the
substrate 40. Here, the second direction is not limited to a
direction that is perpendicular to the first direction and is
parallel to the planar portion of the substrate 40 and may be a
direction that intersects with the first direction and is parallel
to the planar portion of the substrate 40.

According to this structure, the SPP can be excited under
conditions of resonance that are broader than that of a case
where the first protrusions are formed only in the direction
(the first direction) parallel to the planar portion of the sub-
strate 10. Accordingly, a sensor chip 4 capable of specifying
atarget substance from the SERS spectrum by improving the
sensitivity of the sensor can be provided. Furthermore, in
addition to the period P3 of the first protrusions in the first
direction, the period P4 in the second direction can be appro-
priately changed. Accordingly, the wavelength of the light
emitted when specifying a target substance can be appropri-
ately selected, whereby the width of the measurement range
increases.

In this embodiment, a structure in which the second pro-
trusions 12 and the third protrusions 13 are arranged in the
period P2 shorter than the wavelength of the light in the
direction (the third direction) parallel to the planar portion of
the substrate 10, and more specifically, a structure in which
the arrangement direction (the first direction) of the first pro-
trusions 11 and the arrangement direction (the third direction)
of the second protrusions 12 and the third protrusions 13 are
the same direction is represented. However, the invention is
not limited thereto. Thus, sensor chips 5, 6, 7, and 8 having a
structure of the second protrusions and the third protrusions
that is different from that of the second protrusion 12 and the
third protrusions 13 according to this embodiment will be
described with reference to FIGS. 12A to 13B.

FIGS.12A and 12B are schematic perspective views show-
ing the configurations of sensor chips having the second
protrusion and the third protrusion different from the above-
described second protrusion 12 and the third protrusion 13 in
the form. FIG. 12A is a sensor chip 5 that has the second
protrusion 52 and the third protrusion 53. FIG. 12B is a sensor
chip 6 that has the second protrusion 62 and the third protru-
sion 63.

As shown in FIG. 12A, two or more of the second protru-
sions 52 are formed on the upper face 51a of each of a
plurality of the first protrusions 51. Two or more of the third
protrusions 53 are formed on each of a plurality of the base
portions 50a. In the figure, as an example, a structure in which
the intersection angle of the arrangement direction (the first
direction) of the first protrusions 51 and the arrangement
direction (the third direction) of the second protrusions 52
and the third protrusions 53 is 45 degrees is represented.

As shown in FIG. 12B, two or more of the second protru-
sions 62 are formed on the upper face 61a of each of the
plurality of the first protrusions 61. Two or more of the third
protrusion 63 are formed on each of the plurality of the base
portions 60a. In the figure, as an example, a structure in which
the intersection angle of the arrangement direction (the first
direction) of the first protrusions 61 and the arrangement
direction (the third direction) of the second protrusions 62
and the third protrusions 63 is 90 degrees is represented.

According to this configuration, a sensor chip capable of
specifying a target substance from the SERS spectrum by
improving the sensitivity of the sensor can be provided.

As shown in FIG. 13 A, two or more of the second protru-
sions 72 are formed on the upper face 71a of each of a
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plurality of the first protrusions (not shown). Two or more of
the third protrusions 73 are formed on each of the plurality of
the base portions 70a. In addition, the second protrusions 72
and the third protrusions 73 are arranged periodically in the
fourth direction that intersects with the third direction and is
parallel to the planar portion of the substrate. In this figure, as
an example, a structure in which the second protrusion 72 and
the third protrusion 73 have a circle shape in the plan view is
represented. Alternatively, the second protrusions 72 and the
third protrusions 73 may be randomly disposed without hav-
ing any periodicity. It is preferable that the interval of the
second protrusions 72 and the interval of the third protrusions
73 are set in the range of zero to several tens nm.

As shown in FIG. 13B, two or more of the second protru-
sions 82 are formed on the upper face 81a of each of a
plurality of the first protrusions (not shown). Two or more of
the third protrusions 83 are formed on each of the plurality of
the base portions 80a. In addition, the second protrusions 82
and the third protrusions 83 are arranged periodically in the
fourth direction that intersects with the third direction and is
parallel to the planar portion of the substrate. In this figure, as
an example, a structure in which the second protrusion 82 and
the third protrusion 83 have an oval shape in the plan view is
represented. Alternatively, the second protrusions 82 and the
third protrusions 83 may be randomly disposed without hav-
ing any periodicity. It is preferable that the interval of the
second protrusions 82 and the interval of the third protrusions
83 are set in the range of zero to several tens of nm.

According to this configuration, the density in the space in
which the enhanced electric filed is generated can be
increased, compared to a case where the second protrusions
and the third protrusions are formed only in the direction (the
third direction) parallel to the planar portion of the substrate.
Accordingly, a sensor chip capable of specifying a target
substance from the SERS spectrum by improving the sensi-
tivity of the sensor can be provided. Furthermore, in addition
to the period of the second protrusions and the third protru-
sions in the third direction, the period in the fourth direction
can be appropriately changed. Accordingly, the wavelength
of'the light emitted when specifying a target substance can be
appropriately selected, whereby the width of the measure-
ment range increases.

Inaddition, in this embodiment, the second protrusions and
the third protrusions are formed by patterning the Au film
formed on the upper face of the glass substrate. However, the
invention is not limited thereto. For example, the second
protrusions and the third protrusions may be fine particles.
According to such a configuration, a sensor chip capable of
specifying a target substance from the SERS spectrum by
improving the sensitivity of the sensor can be provided.

In addition, in this embodiment, as the metal contained in
the substrate, the metal contained in the first protrusion, the
metal contained in the second protrusion, and the metal con-
tained in the third protrusion, the same metal (gold or silver)
is employed. However, the invention is not limited thereto.
For example, different metals (gold, silver, copper, alumi-
num, or an alloy thereot) may be combined so as to be used,
as in a case where the metal contained in the substrate is gold,
the metal contained in the first protrusion is silver, and the
metal contained in the second protrusion (the third protru-
sion) is an alloy of gold and silver or the like.

Analysis Apparatus

FIG. 14 is a schematic diagram representing an example of
an analysis apparatus that includes a sensor chip according to
an embodiment of the invention. In addition, arrows shown in
FIG. 14 represent the transport direction of a target substance
(not shown).
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As shown in FIG. 14, the analysis apparatus 1000 includes
asensor chip 1001, alight source 1002, a photo detector 1003,
a collimator lens 1004, a polarization control device 1005, a
dichroic mirror 1006, an objective lens 1007, an objective
lens 1008, and a transport unit 1010. The light source 1002
and the photo detector 1003 are electrically connected to a
control device (not shown) through respective wirings.

The light source 1002 generates a laser beam that excites
the SPP, the LSPR, and the SERS. The laser beam emitted
from the light source 1002 becomes a parallel beam through
the collimator lens 1004, passes through the polarization
control device 1005, is guided in the direction of the sensor
chip 1001 by the dichroic mirror 1006 so as to be collected to
the objective lens 1007, and is incident to the sensor chip
1001. At this time, on the surface (for example, a face on
which a metal nanostructure or a detection substance select-
ing mechanism is formed) of the sensor chip 1001, a target
substance (not shown) is placed. In addition, by controlling
the driving of a fan (not shown), the target substance is intro-
duced into the inside of the transport unit 1010 from a loading
entrance 1011 and is discharged from a discharge opening
1012 to the outside of the transport unit 1010. The size of the
metal nanostructure is smaller than the wavelength of the
laser beam.

When the laser beam is incident to the metal nanostructure,
free electrons are in a state of resonant oscillation accompa-
nying the oscillation of the laser beam, and a strong surface
localized electric field is excited near the metal nanostructure,
whereby the LSPR is excited. Then, when the distance
between the metal nanostructures adjacent to each other is
shortened, an extremely strong enhanced electric field is gen-
erated near the contact point. When one to several target
substances are adsorbed on the contact point, the SERS
occurs from the contact point.

The light (Raman scattering light or Rayleigh scattering
light) scattered by the sensor chip 1001 passes through the
objective lens 1007, is guided in the direction of the photo
detector 1003 by the dichroic mirror 1006 so as to be collected
to the objective lens 1007, and is incident to the photo detector
1003. Then, the light is resolved in a spectrum by the photo
detector 1003, whereby spectrum information can be
acquired.

According to this configuration, since a sensor chip accord-
ing to an embodiment of the invention is included, the target
molecule can be detected by performing selective spectros-
copy for the Raman scattering light. Therefore, an analysis
apparatus 1000 capable of specifying a target substance from
the SERS spectrum by improving the sensitivity of the sensor
can be provided.

The analysis apparatus 1000 includes a sensor cartridge
1100. The sensor cartridge 1100 includes the sensor chip
1001, the transport unit 1010 that transports a target substance
to the surface of the sensor chip 1001, a placement unit 1101
in which the sensor chip 1001 is placed, and a casing 1110 that
houses the above-described units. In a position of the casing
1110 that faces the sensor chip 1001, an irradiation window
1111 is disposed. The laser beam emitted from the light
source 1002 passes through the irradiation window 1111 and
is emitted to the surface of the sensor chip 1001. The sensor
cartridge 1100 is located in the upper portion of the analysis
apparatus 1000 and is detachably attached to the main unit of
the analysis apparatus 1000.

According to this configuration, since the above-described
sensor chip according to an embodiment of the invention is
included, the target molecule can be detected by performing
selective spectroscopy for the Raman scattering light. There-
fore, a sensor cartridge 1100 capable of specifying a target
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substance from the SERS spectrum by improving the sensi-
tivity of the sensor can be provided.

The analysis apparatus according to an embodiment of the
invention can be broadly applied to detection of drugs or an
explosive substances, medical treatments or physical exami-
nations, and as a sensing apparatus used for inspection of
foodstufts. In addition, the analysis apparatus can be used as
an affinity sensor or the like that detects whether or not a
substance is adsorbed, including whether or not an antigen is
adsorbed in an antigen-antibody reaction.

What is claimed is:

1. An analysis apparatus comprising:

a sensor chip wherein a substrate that has a planar portion,
and a diffraction grating that includes a plurality of first
protrusions periodically arranged in a period equal to or
greater than 100 nm and equal to or less than 1000 nm in
a first direction that is parallel to the planar portion, a
plurality of base portions that is located between two of
the first protrusions adjacent to each other and config-
ures a base of the substrate, a plurality of second protru-
sions that is formed on upper faces of the plurality of the
first protrusions, and a plurality of third protrusions that
is formed on the plurality of base portions, has a surface
formed from a metal, and is formed on the planar por-
tion; and

a light source that emits light to the sensor chip wherein a
wavelength of the light is longer than the period of the
second protrusions and the third protrusions; and a photo
detector that detects light acquired by the sensor chip.

2. The analysis apparatus sensor chip according to claim 1,
wherein the plurality of the first protrusions is periodically
arranged in a second direction that intersects with the first
direction and is parallel to the planar portion.

3. The analysis apparatus according to claim 1, wherein the
plurality of second protrusions and the plurality of third pro-
trusions are periodically arranged in a third direction that is
parallel to the planar portion.

4. The analysis apparatus to claim 3, wherein the plurality
of'second protrusions and the plurality of third protrusions are
periodically arranged in a fourth direction that intersects with
the third direction and is parallel to the planar portion.

5. The analysis apparatus to claim 1, wherein the plurality
of'second protrusions and the plurality of third protrusions are
formed from micro-particles.

6. The analysis apparatus according to claim 1, wherein the
metal that composes the surface of the diffraction grating is
gold or silver.

7. The analysis apparatus according to claim 1, wherein a
transport unit include a fan between entrance and a discharge
opening, and a placement unit in which the sensor chip is
placed, and a casing that houses the sensor chip, the transport
unit, and the placement unit, and an irradiation window that is
disposed at a position facing the surface of the sensor chip on
the casing.

8. The analysis apparatus according to claim 1, wherein the
light source generates a laser beam that excites Surface Plas-
mon Polariton, Localized Surface Plasmon Resonance, and a
Surface Enhanced Raman Scattering.

9. The analysis apparatus comprising:

a sensor chip wherein a substrate that has a planar portion,
and a diffraction grating, in which a target substance is
placed, that has a composite pattern that is formed in the
planar portion by superimposing a first concave-convex
shape in which a plurality of first convex shapes is peri-
odically arranged in a period equal to or greater than 100
nm and equal to or less than 1000 nm, a second concave-
convex shape in which a plurality of second convex
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shapes is periodically arranged in the plurality of first
convex shapes in a period shorter than that of the first
concave-convex shape, and a third concave-convex
shapes in which a plurality of third convex shapes is
arranged periodically in a period shorter than that of the
first concave-convex shape in a base portion located
between two of the first convex shapes adjacent to each
other, and has a surface formed from a metal; and

a light source that emits light to the sensor chip wherein a

wavelength of the light is longer than the period of the
second convex shapes and the third convex shapes;

and a photo detector that detects light acquired by the

sensor chip.

10. The analysis apparatus according to claim 9, wherein
the plurality of first convex shapes is periodically arranged in
a first direction that is parallel to the planar portion and is
periodically arranged in a second direction that intersects
with the first direction and is parallel to the planar portion.

11. The analysis apparatus according to claim 9, wherein
the plurality of second convex shapes and the plurality of third
convex shapes are periodically arranged in a third direction
that is parallel to the planar portion.
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12. The analysis apparatus according to claim 11, wherein
the plurality of second convex shapes and the plurality of third
convex shapes are periodically arranged in a fourth direction
that intersects with the third direction and is parallel to the
planar portion.

13. The analysis apparatus according to claim 9, wherein
the plurality of second convex shapes and the plurality of third
convex shapes are formed from micro-particles.

14. The analysis apparatus according to claim 9, wherein
the metal that composes the surface of the diffraction grating
is gold or silver.

15. The analysis apparatus according to claim 9, wherein a
transport unit include a fan between entrance and a discharge
opening, and a placement unit in which the sensor chip is
placed, and a casing that houses the sensor chip, the transport
unit, and the placement unit, and an irradiation window that is
disposed at a position facing the surface of the sensor chip on
the casing.

16. The analysis apparatus according to claim 1, wherein
the light source generates a laser beam that excites Surface
Plasmon Polariton, Localized Surface Plasmon Resonance,
and a Surface Enhanced Raman Scattering.
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